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Metapopulation models describe the colonization and extinction of populations in a 
landscape of connected patches. Levins modeled the fraction of population sites 
occupied as a balance 



model. Levins (1970) and Hanski (1982) have analyzed 
stochastic versions of metapopulation models, and Le- 
vins' (1969) initial model has been extended to two- 

species interactions (Horn and MacArthur 1972, Slatkin 
1974, Hanski 1983, Sabelis et al. 1991). We have re- 
stricted this analysis to deterministic, single-species 
forms of eq. (1). 

The regional immigration and extinction rates in eq. 
(1) can be represented as follows: 
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Fig. 1. A) 



Casel. a>0, d-c<0. This is the most general case 
because it encompasses the widest range of parameters. 
Because f is a quadratic function, it has at most 2 roots. 
Since f(O) > 0 and f(l) < 0, f has exactly one root p 
between zero and 1, and it is stable. 

The roots of eq. (11) are: 

-(b - a - c) V(b - a - c)2 - 4a(d - b) 
Ip =2(d- b) 

If d > b, J equals the smaller root and if d < b, p equals 
the larger root. If d = b, the island-mainland model 



Table 1. Correlations between the yearly probability of colo- 
nization (Prc) and extinction (Pre), and the fraction of sites 
occupied (p), year of the census (time), and position of the site 
in an ecological gradient (location) for 3 fish 



Table 3. Summary of stepwise best-fitting regression models of 
the probability of colonization (Prc) and extinction (Pre) of 
mangrove insects (Simberloff 1976) as a function of p, the 
fraction of islands occupied. Values in parentheses are the 
probability that a parameter does not differ from 0.0. 

Dependent variable Prc Pre 

Independent variable p2 p 

Intercept 0.0421 0.8375 
(0.0362) (0.0001) 

Slope 0.5941 -0.8296 
(0.0001) (0.0001) 

R2 0.2899 0.2599 

tion between probabilities of colonization and extinc- 
tion and the fraction of sites occupied. Thus, in eq. (11), 
parameters b and d are effectively equal to 0, and the 
model collapses to eq. (7), the island-mainland model. 
In this system, intervening stretches of river probably 
function as a "mainland" source of propagules for the 10 
censused sites. Using this model, we estimated the 
probability of colonization and extinction (across all 
sites and times), predicted the equilibrium fraction of 
occupied sites, and compared these predictions to the 
observed fraction of occupied sites. For carp and the 
Red River shiner, observed values are within 5% of the 
model predictions (Table 2). For the Arkansas River 
shiner, the model substantially underestimated the ob- 
served fraction of sites occupied. 

For all 3 species, at least one of the assumptions for 
the metapopulation model was violated. The assump- 
tion of patch homogeneity was violated for carp and the 
Red River shiner. In both cases, the probability of 
extinction was significantly lower for stable downstream 
sites than for unstable upstream sites. The probability of 
successful colonization by carp was also significantly 
higher for downstream sites. For the Arkansas River 
shiner, the assumption of time-invariant colonization 
and extinction probabilities was violated. Specifically, 
the probability of local extinction increased significantly 
from 1976 to 1986. In fact, the Arkansas River shiner 
underwent a regional extinction and disappeared from 
all sites on the Cimarron River in 1986. This species has 
recently disappeared from several other river drainages 
in the midwestern United States. In the Cimarron 
River, variability in river discharge and extreme water 
temperatures are thought to be responsible for the 
demise of the Arkansas River shiner (Pigg 1991). 

Multi-species test: insects of mangrove 
islands 
Simberloff (1976) provided a large data set on annual 
colonization and extinction of 254 insect species on 9 

z 
o 

0.60- 
z 
< 0.40- \ 

0.00 

NUMBER OF SITES OCCUPIED 

Fig. 2. The annual probability of extinction, averaged across all 
species of mangrove insects, as a function of the number of 
sites occupied. Vertical bars are 1 standard deviation. Data in 
Figs 2-5 from Simberloff (1976). 

mangrove islets in the Florida Keys from 1969 to 1971. 
Only 6 of the islands were censused in 1971, so we have 
calculated extinction and immigration probabilities 
based only on the 1969-1970 data. However, species 
that occurred in any of the three years were considered 
part of the potential colonization pool. Hanski (1982) 
used this same data set to confirm a negative, linear 
relationship between p and the probability of extinc- 
tion, one of the most important assumptions of his 
original model. Here, we analyze the same data set in 
more detail and describe the shape of the immigration 
function as well. We used a stepwise multiple regression 
to choose the best linear or nonlinear model describing 
the relationship between p and the probability of extinc- 
tion or immigration. 

For the extinction function, the results are in accord 
with Hanski's model: the best-fitting model is linear, 
with a negative slope (Table 3, Fig. 2). Moreover, at 
p = 1, the 95% confidence interval for the predicted 
value encompasses 0 (-0.134-0.150) implying that c = d 
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Fig. 3. The annual probability of colonization of mangrove 
insects as a function of the number of sites occupied. 
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(the bimodal tail), compared to the predictions of the 
model (Fig. 4). Why are these two distributions so dif- 
ferent, given that the same data were used to estimate 
extinction and colonization probabilities and to con- 
struct the frequency distribution? 

The answer is that one or more of the assumptions 
underlying eq. (12) was probably violated. One impor- 
tant assumption is that the species are "similar" to one 
another: i.e. the probabilities of immigration and ex- 
tinction do not vary substantially from one species to 
the next. However, Fig. 5 shows that the frequency of 
occurrence of each species was highly correlated from 
one year to the next. That is, certain species were con- 
sistently widespread and others were consistently sparse 
on mangrove islands, in spite of substantial turnover in 
species composition between years. Gaston and Lawton 
(1989) obtained a similar result for insect herbivores 
that colonize bracken. Of course, it is certainly possible 
that a stochastic metapopulatioan model may explain 
distribution within a species, even though such a model 
is not successful at the community level. 

However, there are two problems with testing the 
assumption of similarity among species by using data as 
in Fig. 5. The first problem is that shifts in distribution 
may not be apparent with only 2 consecutive years of 
data. The appropriate time scale for metapopulation 
dynamics may be on the order 
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